The sustainable voltage generation was extensively experimented through semi batch using isolated pure microorganism. Though higher voltage generation of 911 mV can be possible through optimisation of process parameters by batch fermentation, however, sustainable power generation was not found in batch process. Therefore, the potential influence of several parameters for voltage generation was addressed by semi continuous fermentation process. In this present work sustainable voltage generation (550 mV) was achieved through fed batch mode when initial glucose was kept 8 g/L in the production medium. However, 18 g/L of glucose (25 ml) was consecutively fed at interval of 72 and 108 h during semi continuous fermentation.
Introduction
There is an urgent need to address the two problems of the world that includes energy insecurity and climate change. The above threat is due to enormous use of fossil fuel and enhancement of global warming respectively (Chen et al., 2014; Park and Ren, 2012) . In the past few decades human civilisation has been extracting these fossil fuels and using them for power generation. However these fuels are not unlimited, their underground levels are diminishing at an alarming rate and many of these fossil fuels may no longer be unavailable in just a few decades. Hence we need to look at alternative sources of energy for sustenance of the modern industrialised civilisation. In the recent years, there has been increasing focus on renewable sources of energy as they are much more eco-friendly and also to prolong the precious sources of conventional non-renewable energy like electricity, oil and natural gas. However, efforts have been devoted to develop alternative mechanism for electricity generation. It is also desired that the electricity production mechanism should come from renewable resources without emission of carbon dioxide (Davis and Higson, 2007; Lovley, 2006) . Microbial fuel cells (MFCs) offer new opportunities to generate sustainable energy (Logan, 2010; Ren et al., 2011; Zhang et al., 2011) . MFCs generate sustainable power through utilisation of different carbohydrates as well as various macromolecules present in wastewaters. Nevertheless, the commercialisation of MFC is restricted due to low power generation along with its high cost (Li et al., 2009; Logan, 2009; Park and Zeikus, 2003; Rabaey and Verstraete, 2005; Schröder, 2007) . There are several challenges required to overcome in order to develop the performance and commercialisation of MFCs (Infantes et al., 2011) . One of the key problems is constant power generation from MFC. Since Batch process is not sufficient for constant power generation fed batch process may be an alternative to get sustainable power supply from supply from single-chamber MFC.
Since there is urgent need, therefore it is urged for researchers to focus on their production in economic way. The performance of MFC can be increased by improvements in media composition and physical parameters (Bhunia et al., 2010) . It is obvious that there is no universal defined medium for the production of voltage as the individual physicochemical and nutrition requirement of each microorganism is different for its growth and voltage production. Accurate process optimisation is required for minimisation of processing cost. In addition, even small improvements of energy generation have been significant for industrial point of view . It is obvious that design of suitable media for generation of voltage is a primary task for biochemical engineers. It includes proper selection of media components and their level through few numbers of experiments. The media components are usually optimised by the statistical methods. Biological optimisation indicates the adaptation of bacterial community to the optimised reactor conditions. The suitable design of media is required to maintain the balance nutrient between the various nutrients in the solution. It also helps to utilise the nutrient properly at the end of biochemical reaction. It has been found that research efforts are mainly concentrated toward to evaluate the effect of various MFC design, modification of electrode for cost effective bioelectricity generation. However, optimisation of environmental parameters such as pH, temperature, recirculation of feed is an important part for cost effective operation in MFCs.
As per our knowledge, there is no single study was carried out with single-chamber MFCs for sustainable voltage generation. Therefore, present work was focused to generate sustainable voltage generation from simulated waste water to understand the performance of MFC.
Materials and methods

Chemical and regent
Nutrient Broth, dextrose, KH 2 PO 4 , Na 2 HPO 4 and soybean meal were purchased from Himedia, India. However, sodium chloride and potassium chloride were procured from Merck, India. The other chemicals used in this study were analytical grade.
Microorganism
The pure bacterial strain used in the present study was collected from Department of Bio Engineering, NIT Agartala. The microorganism which was collected from Bio Engineering Department was present on nutrient agar slants. The above slant was incubated for 30 minute at 37ºC and pH 7.4 for further used. The above microbial pure culture was regularly subculture on nutrient agar slants at pH 7.4. The culture was inoculated in into 50 ml of sterile nutrient broth (pH 7.4). The composition of seed media was Glucose (10 g/l); NH4Cl (0.2 g/l); CaCl 2 ·2H 2 O (0.15 g/l); KCl (0.33 g/l); NaCl (0.30 g/l); MgCl 2 (3.15 g/l); K 2 HPO 4 (1.26 g/l); KH 2 PO 4 (0.42 g/l) and trace metals (1 mL) (He et al., 2005) . The trace element solution is made of (g/l, w/v) ZnSO4,7H20, 20; H3BO3, 10; MnCl2, 7H2O, 5; FeSO4, 7H2O, 5; CoCl2, 5H2O, 1.5; CuSO4, 5H2O, 1.5; Na2MoO4, 4H2O, 1).
Glucose estimation
3,5-dinitrosalicylic acid (DNS) method was used for residual glucose concentration (Miller, 1959) .
MFC setup and operating procedures
The experiments were designed out in a 0.3 l MFC with 0.20 l working volume. Acrylic chamber with anode made up of carbon cloth surface area of 50 cm 2 , cathode (pt) supported on carbon cloth with loading of 0.5 mg/cm 2 (Sainenergy fuel cell USA), Membrane Nafion 117 (Sainenergy fuel cell USA) the spacing between electrode is kept about 157 micron, i.e., thickness of membrane only and (Aanode = Acathode = Amembrane). The electrodes are connected by stainless steel wire and keysight digital millimetre is used for taking the reading. A 2% seed culture (OD550 ≈ 0.2) which was prepared previously was inoculated in MFC. The simulated media was design in laboratory. Glucose (8 g/l); NH4Cl (0.2 g/l); CaCl 2 ·2H 2 O (0.15 g/l); KCl (0.33 g/l); NaCl (0.30 g/l); MgCl 2 (3.15 g/l); K 2 HPO 4 (1.26 g/l); KH2PO4 (0.42 g/l) and trace metals (1 mL) (He et al., 2005) were present in media. The trace element solution is made of (g/l, w/v) ZnSO4,7H20, 20; H3BO3, 10; MnCl2, 7H2O, 5; FeSO4, 7H2O, 5; CoCl2, 5H2O, 1.5; CuSO4, 5H2O, 1.5; Na2MoO4, 4H2O, 1). The pH of media was intilally adjusted at 7.4. The fed batch fermentation was studied and experiment was examined for six days (144 hours). The 25 ml glucose at concentration 18 g/L was used as feeding substrate and given at 72 and 108 hr. Samples were withdrawn after 12 h and residual sugar was estimated. All experiments were done in triplicate.
Results and discussion
The significant bacterial growth was noticed after 12 h fermentation due to presence of maximum glucose (10 g/L). It is found that the concentration of glucose (4.64 g/L) decreases with increase in power generation (550 mV) after 72 h of fermentation (Figure 2) . It is obvious that glucose can use directly by microorganism for their energy source. Therefore, power generation is gradually increased. However, power generation was found to increase up to 132 hr. After 132 hr fermentation, power generation was found to decrease. This is due to limitation of substrate. The batch fermentation is normally preferred for power generation. The previous study was carried out in batch fermentation using SCMFC. The media was optimised through COVT technique and voltage generation (911 mV) is found after 144 hr of fermentation. It was also previously reported that glucose which is produced has negative effect in its higher concentration as it causes catabolic repression (Samain et al., 1997; Viniegra-González and Favela-Torres, 2006) . However, there are several recent reports where fed batch processes were used for noticeable increase of power generation. Therefore, the potential influence of semi continuous fermentation process was came to our mind for power generation through an experiment. So an attempt was made for semi continuous fermentation where initial glucose amount was optimised and kept 8 g/L. Initially, 0.2 litter fermentation medium was used in MFC and glucose was added at concentration of 18 g/L. The feeding of glucose was given at interval of 72 and 108 h. The variable volume fed batch fermentation was carried out at initial pH of 7. 2% inoculum was used initially to MFC. The experiment was continued for 144 hr at 370ºC and the effects of residual glucose was investigated on power generation.
Conclusions
An extensive investigation was carried out to find out the optimum feed rate along with feed concentration for maximum power generation. Therefore, experiment was investigated at various feed rate with different feed concentration and power generation was measured. It has been found that the feed concentration containing 18 g/L of xylan after 36 h interval was considered to be optimum in this study. Therefore, the feeding of glucose was given at 72 and 108 h. As glucose was feed at 72 h therefore, there was a possibility for further bacterial growth. It was also found that power generation (550 mV) was also increased (Figure 3 ). It was observed that the voltage generation remained constant after 72 h of fed batch fermentation. Therefore, it is concluded that sustained voltage generation (550 mV) may be possible through semi continuous fermentation.
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